Background: Conventional multisession genetic counseling is currently recommended when disclosing APOE genotype for the risk of Alzheimer's disease (AD) in cognitively normal individuals.
Introduction
The ε4 allele of APOE is a common and robust risk factor for Alzheimer's disease (AD), carried by approximately 25% of the population. In the Risk Evaluation and Education for Alzheimer's Disease (REVEAL) Study, we have utilized the model of disclosing APOE genotype for the risk of AD to explore translational questions associated with genetic risk disclosure. In a previous randomized controlled trial, we demonstrated that disclosing APOE genotypes with an extended counseling protocol was not associated with increased anxiety, depression, or distress [1] . The predisclosure counseling in that trial followed what were later published as official recommendations for the genetic risk assessment of AD, and that were based on Huntington Disease (HD) Society of America's Guidelines for Genetic Testing for Huntington Disease [2] , a protocol that the recommendations called the "gold standard for genetic testing for adult onset conditions" [3] . Briefly, this protocol includes two pretest and one or more posttest genetic counseling sessions conducted in person and incorporates both neurologic and psychiatric evaluations. Sessions address the physical, psychological, social, and family history factors that may influence the decision-making process to ensure informed decision making about testing while minimizing the risks of adverse psychological outcomes [3] .
In this report, we describe a separate trial in which all subjects received APOE disclosure, but were randomized into one protocol that followed the gold standard above, or into one of two protocols with highly condensed pretesting education and counseling. We hypothesized that subjects receiving the condensed protocols with disclosure from a genetic counselor (CP-GC) would show no greater anxiety or depression than subjects receiving the standard protocol 1 year after disclosure.
Methods

Study population and instruments
We recruited cognitively normal adult first-degree relatives (FDRs) of patients with AD through mailings to research registries, referrals from collaborating physicians, advertisements in local newspapers, and community outreach at senior centers and nursing homes. We excluded individuals with two or more affected FDRs and individuals from families where the average AD onset age was under 60 years. We screened out individuals who demonstrated potential memory problems by scoring lower than an educationadjusted 87 on the Modified Mini-Mental State Examination [4] and individuals with very severe anxiety and depression, as defined below. We selected European Americans or African Americans for enrollment because we had sufficient data to create ethnicity-specific risk models for these groups that incorporated APOE genotype [5] . Given ambiguous data about the relationship between APOE and AD for other ethnicities [6, 7] , however, we excluded other populations.
The co-primary outcomes were validated self-report scales of anxiety and depression at 12 months after disclosure. We measured anxiety using the 21-item Beck Anxiety Inventory (BAI) [8] and depression using the 20-item Center for Epidemiological Studies-Depression Scale (CES-D) [9] . BAI scores can range from 0 to 63, with scores greater than 15 indicating moderate anxiety and scores greater than 25 indicating severe anxiety. CES-D scores can range from 0 to 60, with scores 16 or greater indicating moderate depression and scores greater than 26 indicating severe depression [10] . Test-related distress at 12 months after disclosure served as a secondary outcome, measured using the Impact of Event Scale (IES) [11] , a 15-item self-report instrument commonly used in genetic disclosure research [12] . The IES assessed the frequency of intrusive and avoidance thoughts related to the genetic risk assessment over the past week, with scores of 0-5 on individual items summed to create an overall score (range 0-75, scores 20 or above indicating significant distress). Because the IES measures distress specific to genetic risk disclosure, it was administered only after testing. We also evaluated secondary outcomes of BAI, CES-D, and IES scores at 6 weeks and 6 months after the disclosure of genetic risk information.
Study design
As described more fully in prior publications [1, 13] , the multidisciplinary REVEAL Study group designed the study protocol and risk disclosure procedures, including, for this trial, specific risk curves for African American subjects [5] . The study was designed as a noninferiority trial, despite inherent limitations of this approach [14] , because the goal of the study was to develop a protocol that markedly reduced clinical service demands rather than one that improved outcomes that had already been shown to be safe [1] . The study was conducted at sites in academic medical centers in Boston, Cleveland, New York, and Washington, DC. An independent external Ethics and Safety Board (ESB), and institutional review boards at each study site, oversaw the protocol and consent development. Subjects provided informed consent by telephone at the time of study enrollment, then again in writing before the blood draw for genotyping. The overall design of the study is shown in Fig. 1 .
Following an initial phone interview, subjects were block randomized equally into one of three treatment arms, within strata defined by site, age (,60 vs 60), race, and gender. In the reference protocol, pretest education and counseling took place with a genetic counselor (the SP-GC arm) [2] . Participants attended a semistructured 35 minute in-person education session with a genetic counselor that included: a formal definition of AD, an overview of risk factors for AD (e.g., age, family history), and the level of risk in the general population; an explanation of APOE and its implications for risk of AD; a description of procedures involved in APOE testing; a preview of what would be provided in their risk assessment (e.g., risk figures and their format); and a summary of known benefits, risks, and limitations of APOE testing. At the blood-draw visit, a genetic counselor collected and reviewed the subject's family history of dementia and personal medical information, and proactively addressed psychosocial aspects of testing. In the two condensed protocols the in-person education session was replaced with a mailed brochure (see Supplemental Fig. 1 ), and subjects provided family history and medical information on mailed forms. When blood was drawn in the condensed protocols, genetic counselors reviewed the family history and medical information subjects mailed back and responded to participant questions rather than proactively addressing the psychosocial aspects of testing. The two condensed protocols differed only in who was doing the disclosure. APOE was genotyped at Athena Diagnostics, a facility certified by the Clinical Laboratory Improvement Amendments (CLIA).
Approximately 1 month after the blood draw, subjects received their APOE genotypes and numerical AD risk assessments as previously described [1, 5, 15] . In brief, all subjects were shown a single graph with gender and race-specific risk curves and were told their APOE genotype and numeric estimates of their cumulative lifetime (potential range: 13%-77%) and remaining risk for AD (cumulative incidence from current age to the age of 85 years). A genetic counselor disclosed results to subjects in the SP-GC arm and in one condensed protocol arm (CP-GC), while a study physician disclosed results in the other condensed protocol arm (CP-MD). The four physicians doing the disclosure were specialists in dementia, but had received no formal training in genetic counseling.
Study staff administered the BAI and CES-D before the blood draw (baseline) and at all follow-up time points. The IES was administered only at follow-up time points. The ESB reviewed the protocol, monitored study progress, and established criteria for adverse event reporting. An immediate interview was planned for any subjects whose BAI or CES-D scores exceeded 26 or increased by more than 15 points from baseline at any point in the study. Cases of concern to the clinical teams were discussed in monthly phone calls. The chair of the ESB reviewed aggregated results annually. This trial was registered with clinicaltrials. gov identifier NCT00089882.
Statistical analysis
We used analysis of variance (ANOVA) and chi-square testing to compare demographic features of the randomized groups. We compared discontinuation rates and subject variables associated with discontinuation across protocols using t-tests and chi-square tests. ANOVA was used to compare session lengths across protocols.
In estimating the power for the primary analysis, we followed recommendations [16] for defining noninferiority as occurring if the upper limits of one-sided 97.5% confidence intervals (equivalent to upper bounds of two-sided 95% CIs) for mean differences between protocols were less than a prespecified margin of 5 points on each of the outcome scales, the same intervals used in analyses for the initial REVEAL Study trial [1] . In comparing co-primary outcomes of BAI and CES-D scores in the SP-GC vs CP-GC arms at 12 months, we estimated that we had more than 90% power at a 5 0.05/2 (for the two co-primary outcomes) 5 0.025 to confirm noninferiority within this margin.
To test the primary hypothesis of noninferiority between SP-GC and CP-GC, postdisclosure levels of the two coprimary outcomes (BAI and CES-D) were evaluated at 12 months for noninferiority first using linear models, with no adjustment for potential confounders; and second using linear models adjusting for age, gender, education, baseline scores, and APOE genotype. Because these measures were skewed with a floor effect at zero, we also conducted pairwise Wilcoxon Rank Sum tests with no adjustment for covariates, and with Tobit models adjusting for the same covariates as the linear regression models. Secondary analyses comparing the noninferiority of the CP-MD protocol to the SP-GC and CP-MD protocols mirrored these analyses.
P values for these analyses were calculated from one-sided noninferiority tests assuming that scores on a condensed protocol were not more than 5 points higher than the comparison protocol.
In addition to assessing co-primary outcomes at 12 months, we conducted secondary analyses to examine the outcomes at the baseline visit (posteducation predisclosure) and at the 6-week and 6-month postdisclosure visits. Both condensed protocols were identical through the baseline visit, so data in these two arms were combined on multiple linear regression analyses of predisclosure outcomes, adjusting for age, gender, race, and education. We conducted both intention-to-treat (ITT) and per-protocol analyses on predisclosure data because ITT analyses can bias interpretation in noninferiority studies [16, 17] . Only per-protocol analyses were conducted and reported on postdisclosure data because we could not reliably impute APOE genotypes, which were needed for adjusted analyses. P values for comparisons of baseline, predisclosure scores were calculated from tests that mean scores for the condensed protocols were not equivalent to mean scores for the standard protocol. P values for secondary postdisclosure analyses were calculated from one-sided noninferiority tests that scores on a condensed protocol were not more than 5 points higher than a comparison protocol.
Interactions between randomization arm and APOE genotype were omitted from final models because they failed to reach significance at P .05. For both pre-and postdisclosure analyses, missing values were imputed with the Markov chain Monte Carlo method of multiple imputation using PROC MI statistical software, version 9.3 (SAS Institute). Variables to calculate joint probabilities for multiple imputation were selected using an inclusive strategy, and included all variables used in analyses and additional variables whose sole purpose in these analyses were to improve the performance of the imputation models [18] . These additional variables were collected through self-report in the phone interview, pre-education, and follow-up questionnaires, and included income, AD risk perceptions, and less proven measures of test-related affect [19] . We also evaluated the CP-MD protocol and the CP-GC protocol on all outcomes using the procedures described above and controlling for baseline scores where applicable.
Results
Of the 356 subjects who completed the introductory telephone interview, five subjects were screened out because on further review, their family history of AD did not meet eligibility requirements and eight were excluded because they self-identified as other than European American or African American and were told their numeric risk estimates could not be estimated accurately. Ultimately, 96% were randomized and analyzed (Fig. 1) . Of 343 subjects who were randomized, 20 (5.8%) subjects declined to continue in the study for the following nonexclusive reasons: study demands (9), concerns about anticipated emotional responses to test results (7), or potential discrimination (3), limitations of test information (3), lack of interest (2), lack of AD prevention options (1), and personal health problems (1). Thirty-five (10.2%) others discontinued without explanation (were lost to follow-up) before disclosure. We also screened out the following during the trial, but before genetic risk disclosure: two individuals whose family history of AD did not meet eligibility requirements after further review by genetic counselors; one participant who suggested that testing might influence a future decision to pursue suicide; three subjects with cognitive scores below eligibility criteria; and six subjects with depression scores above our prespecified threshold. Demographic characteristics for participants included in the ITT analysis did not vary by randomization arm (Table 1) and were similar to those of the prior trial [1] except for the higher percentage of African Americans in this trial. Ultimately, 276 (80.5%) of the subjects initially randomized received AD risk assessments with APOE genotype disclosure.
Whether a subject received their pretest education through a genetic counselor (SP-GC arm) or through a brochure (CP-GC and CP-MD arms) did not affect the likelihood that the subject would drop out of the protocol (P 5 .88). However, African American ethnicity (P , .01) and lower education (P , .01) were significantly associated with a greater likelihood of dropout before disclosure. At the predisclosure assessment, subjects in all arms scored well below cut-offs for clinical concern on the three outcomes.
Predisclosure education sessions were structured to last approximately 35 minutes in length within the SP-GC arm and did not occur in the CP arms where a brochure was sent instead. In the SP-GC arm the blood-draw visit, including counseling, averaged 20.3 minutes in length, while the blood-draw visits with question-and-answer only averaged 13.2 minutes across the CP arms (P , .001). Genetic risk disclosure sessions averaged 22.4 minutes in the SP-GC arm, 23.2 minutes in the CP-GC arm, and 18.7 minutes in length in the CP-MD arm (P , .001). At the predisclosure (blood draw) visit where anxiety and depression scales were administered for the first time, the ITT analysis of difference in means between subjects in the standard and condensed protocols was 0.1 (95% CI 21.2 to 1.0, P 5 .87) on the BAI and 0.7 (95% CI 20.9 to 2.3, P 5 .40) on the CES-D. Non-ITT analyses were similar (see Supplementary Table 1) . Table 2 summarizes the unadjusted analysis of primary and secondary study outcomes (adjusted analyses are presented in Supplementary Table 2 ). All scores were well below standard cut-offs for clinical concern, regardless of disclosure protocol. Two-sided 95% CIs for the mean difference between the SP-GC and both the CP-GC and CP-MD arms at 12 months after risk estimation and APOE genotype disclosure were below the predefined 5-point margin of noninferiority for all scales. Secondary analyses also showed noninferiority of both condensed protocols at earlier time points on anxiety and depression, and for the CP-GC protocol on test-related distress 12 months postdisclosure compared with the SP-GC. However, noninferiority could not be demonstrated on test-related distress 6 weeks and 6 months postdisclosure for the CP-MD protocol. Similarly subanalyses supported noninferiority of the CP-MD protocol compared with the CP-GC protocol on anxiety and depression measures, but higher test-related distress scores were noted in the CP-MD protocol at the 6-week (D 5 2.8, 95% CI 5 0.4 to 5.1, noninferiority P 5 .03) and 6-month (D 5 3.0, 95%CI 5 0.5 to 5.4, noninferiority P 5 .05) postdisclosure time points (see Supplementary Table 2 ). Including nonfirst degree relatives (e.g., grandparent or cousin).
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Pairwise Wilcoxon Rank Sum tests comparing the CP-GC to the SP-GC and comparing the CP-MD to the SP-GC, with no adjustment for covariates, and with Tobit models adjusting for the same covariates as the linear regression models, were conducted and the results were consistent with the linear regression models (data not shown). Overall, 26% of study subjects reported moderate anxiety (BAI16), depression (CES-D16), or test-related distress (IES20) at one or more follow-up time points, with no differences by randomization arm (P 5 .23). Secondary analyses did not show significant interaction by race, APOE status, or randomization arms on BAI and CES-D scores at 12 months (P .27). Secondary analyses were also conducted to compare ε4-positive and negative subjects as shown in Table 3 . As previously described in the initial REVEAL Study trial [1] , we also found in this trial that ε4-positive subjects showed no more symptoms of general anxiety or depression than ε4-negative subjects, but did show greater test-specific distress at all follow-up time points that was clinically trivial, but statistically significant (IES D 5 4.9 at 6 weeks, 3.0 at 6 months, and 2.4 at 12 months, all P .01).
Discussion
This trial compares the impact of different disclosure protocols for APOE genotype. In comparisons between the standard and condensed protocols where both were delivered by genetic counselors, volunteer subjects randomized to receive a condensed protocol did not experience greater anxiety or depression symptoms, nor greater test-related distress, 12 months after disclosure. Noninferiority could not be demonstrated for the secondary outcome of test-related distress at earlier time points, but these differences were still minor. Our findings, in conjunction with prior analyses showing no decreases in knowledge or information recall after receiving the condensed protocols [20] , add weight to suggestions that genetic susceptibility test providers may be able to streamline protocols for persons volunteering for such information without compromising their wellbeing, at least when results are disclosed by a genetic counselor. The condensed protocols we used required one less in-person appointment and saved considerable clinician time, substantially reducing the demands of testing on Table 2 Unadjusted anxiety, depression, and test-related distress scores by randomization arm, stratified by outcome and time after APOE genotype disclosure* SP-GC (n 5 92) CP-GC (n 5 93) CP-MD (n 5 91) CP-GC vs SP-GC (95% CI) P CP-MD vs SP-GC (95% CI) P Abbreviations: SP-GC, standard protocol, genetic counseling; CP-GC, condensed protocol, genetic counseling; CP-MD, condensed protocol, physician. NOTE. P values represent a one-sided noninferiority test, using linear models, that scores on a specific condensed protocol are not more than 5 points higher than the control standard protocol.
*Plus-minus values are means 6 standard errors. CI are two-sided 95% confidence intervals. Scores on the Impact of Event Scale (IES) range from 0 to 75, with higher scores indicating greater test-related distress. Table 3 Differences on study outcomes between APOE ε4-positive and ε4-negative subjects, stratified by outcome and time after APOE genotype and AD risk disclosure
Time point providers and test-recipients alike. In fact, blood-draw sessions were shorter in the condensed protocols despite the omission of an opportunity for subjects to address concerns during an in-person education session. The time savings was attributable primarily to having subjects mail family history and personal medical information in advance rather providing this information for the first time during the blood-draw session. These findings are encouraging, given how medical providers may expect escalating requests for genetic testing in the near future. Findings of noninferiority may be explained by prior work showing that motivations for testing are myriad [21, 22] . Our condensed protocol was less scripted, and may have provided more opportunities for addressing individual goals rather than generalized concerns that may be of less relevance to specific test recipients. If so, test recipients may benefit from the incorporation of a decision aid into the educational brochure that helps them set realistic expectations about the ability of testing to satisfy those outcomes [23] . Alternatively, genetic susceptibility testing may pose lower psychological risks to volunteer populations than often speculated.
Other randomized trials of genetic testing disclosure have shown no incremental risk to psychological well-being through group education [24] or telephone disclosure [25] , but minor increases in anxiety using computer education rather than in-person counseling [26] . This study also compares disclosure protocols administered by genetic counselors to those administered by nongeneticist physicians. While none of the outcomes in this comparison suggested that genetic information was harmful, scores on scales of test-related distress were not consistently within the margin for noninferiority when results were disclosed through a nongeneticist physician rather than a genetic counselor. Inferences from this comparison are limited because there was such a small number of genetic counselors and nongeneticist physicians. Moreover, the genetic counselors were female, had each served as study coordinators at their respective sites and spent more time on average in the disclosure session, whereas the physicians were all male and spent less time on average in the disclosure session. Nevertheless, the differences observed between the CP-GC and CP-MD protocols suggest that GCs might be more effective in relieving short-term emotional distress than physicians providing disclosure through the same protocol. Analyses of cases where genetic testing was ordered without a genetics specialist and surveys of genetic counselors suggest that nonspecialists often provide insufficient genetic counseling before testing [27, 28] . The physicians in our study did not have formal training in medical genetics but they were well versed in explaining the probabilistic nature of APOE findings, and therefore were not typical of practicing physicians.
Our study has limitations because we excluded individuals with low cognitive testing scores and those with very severe anxiety and depression; and the volunteers who participated tended to be well educated, and (by virtue of their participation) positively inclined toward genetic testing. While we did not specifically track the characteristics of persons who were offered and declined participation, we followed the same recruitment practices as we did in our earlier trials where enrollees were found to be younger and better educated than persons who declined enrollment [29] . Thus individuals who might be less motivated to learn these results, who were experiencing mild cognitive symptoms, who had higher levels of baseline distress, or who were older or less well educated might not show the same results. For individuals receiving genetic risk results for other common complex conditions such as diabetes or heart disease, a different set of outcomes (involving appropriate interpretation and subsequent behaviors) will likely be more important than distress and our study does not address this. The physicians in our study were familiar with communicating genetic risk information and may not be representative of other physicians lacking formal training in genetics. Lastly, noninferiority trials may introduce greater subjectivity and allow fewer protections against bias than superiority trials [14] . Nonetheless, our data challenge the existing recommendations for disclosure of APOE for the risk of AD [3] , and add evidence that suggests that a condensed pretest educational protocol for the disclosure of potentially distressing genetic risk information about a frightening and untreatable common disease to willing recipients can be safe.
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